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CONTROL CIRCUIT FOR CONTROLLING AN ELECTRONIC CIRCUIT 

AND METHOD FOR THIS 

Field Of The Invention 

The present invention relates to a control circuit for controlling an electronic circuit. The 
present invention also relates to a method for controlling an electronic circuit. 

Background Information 
5 Voltage-controlled semiconductor switches, such as MOSFET's and IGBT's, are almost 
exclusively used in electronic actuators. Such electronic actuators are used, for example, as 
d.c. chopper controllers, pulse-controlled inverters, and the like. Such as circuit normally has 
a current path, which includes a load inductor, a free-wheeling diode, and a semiconductor 
switch, in particular in the form of a field-effect transistor. In addition, the line connections 
10 between the components have inherent inductances, which are parasitic and affect the 
switching performance in the current path. 

In order to bring the field-effect transistor from a conducting state into a blocking state or 
from a blocking state into a conductive state, its gate-source capacitor must be discharged or 
charged. Therefore, a comparatively high recharging current (for instance, between 0.5 and 4 

15 A) is necessary for a transition that is as rapid as possible (customary recharging times are 
only several hundred nanoseconds). These recharging currents are normally provided by a 
driver circuit. In particular, such a driver circuit has a voltage source, which charges or 
discharges the gate-source capacitor through a resistor, the resistor allowing the magnitude of 
the gate current to be changed and therefore allowing the switching rate of the power 

20 semiconductor to be controlled. 

In addition, a diode circuit may be provided with a diode and a resistor, the diode being 
connected in parallel to the resistor, in order to allow the gate-source capacitor to discharge 
more rapidly during a circuit-breaking operation. The setting of the charging and discharging 
rates of the gate-source capacitor is important, since when the field-effect transistor is 
25 abruptly switched off due to the inductances in the current path, the voltage across the drain 
and source of the field-effect transistor increases beyond the provided supply voltage. Since 
the field-effect transistor only has a certain dielectric strength, by which a maximum drain- 
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source voltage is predetermined, the rate of change of the charging or discharging current for 
the gate-source capacitor must be specified. A lower rate of change of the gate capacitor can 
reduce unwanted effects, such as the excess voltage between the drain and source terminals 
due to parasitic inductances, disruptive emissions, and reverse diode currents, but then the 
5 switching losses, i.e. the power in the field-effect transistor converted into heat, increase 

considerably. Fixing the charging or discharging rate of the gate-source capacitor only allows 
a compromise to be obtained between, on one hand, switching losses and, the other hand, 
excess voltages and disruptive emissions. 

Summary Of The Invention 
10 The object of the present invention is to provide a control circuit and a control method, which 
render possible improved switching performance of an electronic circuit. 

According to a first aspect of the present invention, a control circuit is provided for 
controlling an electronic circuit, which has a current path through a semiconductor switch and 
through a line. When the semiconductor switch is switched, the inductance of the line and/or 

15 of a component in the current path leads to excess voltage between a first and a second 

current-carrying terminal of the semiconductor switch. The control circuit has a controllable 
current source for charging or discharging a charge-controlled gate of the semiconductor 
switch with the aid of a control current, as well as a control unit. The control unit controls the 
current source in such a manner, that in the case of the switching operation, the terminal 

20 voltage across the current-carrying terminals of the semiconductor switch does not exceed a 
predefined setpoint terminal voltage. 

The idea of the present invention is to reduce and control the high excess voltages between 
the terminals of a semiconductor switch during the circuit-closing and circuit-breaking 
operations, the excess voltages being formed due to inductances in the current path to be 

25 switched. This is achieved by applying a controlled control voltage to the control terminal of 
the semiconductor switch, the control voltage being set as a function of the terminal voltage 
at the semiconductor switch. Since the semiconductor switch can normally only tolerate a 
maximum voltage between the current-carrying terminals, a setpoint terminal voltage is 
defined, the control voltage being controlled in such a manner, that the setpoint terminal 

30 voltage is not exceeded. This allows the commutation voltage to be directly specified, which 
means that on one hand, the dielectric strength of the utilized semiconductor switch may be 
utilized in an optimal manner and, on the other hand, the oscillations occurring during 
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operation in response to the control according to the related art may be considerably reduced. 
During the control operation, the control keeps the semiconductor switch in its active 
operating range. 

The control circuit of the present invention allows the excess voltages occurring between the 
current-carrying terminals of the semiconductor switch to be reduced and controlled without 
an additional protective circuit, and simultaneously keeps the increase in the switching losses 
as low as possible. The reduced excess voltage allows the disruptive electromagnetic 
emissions from the switching operation to be reduced, since the induced oscillation has a 
smaller starting amplitude and therefore decays more rapidly. This allows the filter and 
shielding measures to be designed to be less complicated and, therefore, more cost-effective. 

In the case of power field-effect transistors, closing resistance Ros,on increases 
superproportionally to the maximum blocking voltage, but is inversely proportional to the 
chip area of the field-effect transistor. Limiting the excess voltage allows field-effect 
transistors having a lower breakdown voltage to be used. These have a lower closing 
resistance with the same chip area, which means that the efficiency of the power electronics 
may be increased. On the other hand, if field-effect transistors having a smaller chip area and 
the same closing resistance R.DS,on as a larger field-effect transistor are used, a reduction in 
volume occurs. 

The setpoint terminal voltage is preferably a function of the maximum allowable terminal 
voltage between the current-carrying terminals of the semiconductor switch. Therefore, the 
setpoint terminal voltage is selected to be greater than the supply voltage of the electronic 
circuit, but less than the maximum allowable terminal voltage by a specific, safe amount. In 
particular, a relative safety range regarding the maximum allowable terminal voltage may be 
defined. 

The control unit may have a comparator circuit for comparing the terminal voltage to the 
setpoint terminal voltage and controlling the current source as a function of the comparison 
result. 

The control unit may have a P controller, in order to control the current source so that a 
change in the control current is proportional to the difference between the terminal voltage 
and the setpoint terminal voltage. This represents the simplest possible implementation of a 
control unit according to the control circuit of the present invention. 
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In the case of a circuit-breaking operation, the setpoint terminal voltage may be greater than 
the operating voltage applied to the current path. In particular, the setpoint terminal voltage is 
selected to be greater than the operating voltage, but less than the maximum allowable 
terminal voltage of the semiconductor switch. 

The current source may be designed such that the control input of the semiconductor switch 
may be charged by the current source to a potential, which is less than the lowest current-path 
potential predetermined by the operating voltage. In this manner, a negative gate-source 
voltage may be obtained, by which, in particular, the semiconductor switch may be 
completely blocked or completely switched through as a function of the conductivity type of 
the semiconductor switch. 

In the case of a circuit-closing operation, the control unit preferably adjusts the setpoint 
terminal voltage to a first setpoint value initially, and then adjusts it to a second setpoint 
value after a period of time elapses, the second setpoint value being less than or equal to a 
low operating potential in the case of a self-blocking semiconductor switch, or greater than or 
equal to a high operating potential in the case of a self-conducting semiconductor switch. 
Such a two-stage switching operation is useful for being able to control the excess voltages 
during the circuit-closing operation in the most effective manner possible. To this end, in 
accordance with the first setpoint value, the semiconductor switch is preferably operated in its 
active operating range during the period of time. In order to limit the forward power losses in 
the semiconductor switch, the second setpoint value must be set as the setpoint terminal 
voltage after expiration of the period of time, in order to completely switch the 
semiconductor switch through, so that the semiconductor switch is not destroyed by the high 
forward power losses. If the second setpoint value were to be properly specified at the start of 
the circuit-closing operation, i.e. if the circuit-closing operation is only performed by 
specifying a setpoint terminal voltage, which is less than or equal to a low operating potential 
or greater than or equal to a high operating potential as a function of the conductivity type of 
the utilized semiconductor switch, the control unit would attempt to completely switch the 
semiconductor switch on as rapidly as possible. This would result in the commutation voltage 
at the inductors and, therefore, the rate of change of the current in the current path as well, 
becoming very large, which means that the switching operation would nearly correspond to a 
switching operation according to the related art and the voltage between the current-carrying 
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terminals would sharply increase. The two-stage control operation allows the rate of change 
of the current in the current path to be reduced, so that disruptive emissions are reduced. 

A delay element is preferably provided, in order to fix the period of time starting with the 
circuit-closing operation, 
5 the period of time at least corresponding to the time, after which the circuit-closing operation 
is always completed. This is necessary, in order to reliably prevent the controlling means 
from still attempting to completely switch on the semiconductor switch during the 
commutation operation. 

As an alternative, a timing unit may be provided for setting the setpoint terminal voltage as a 
10 function of a current and/or voltage characteristic in the current path. 

In the case in which a field-effect transistor is provided as a semiconductor switch, it is 
particularly possible for the period of time to be determined by the start of commutation and a 
maximum commutation duration after the start of the circuit-closing operation, the start of 
commutation being determined in that the increase in the gate-source voltage between the 
15 gate terminal and the source terminal becomes 0 for the first time after the start of the circuit- 
closing operation. In this specific embodiment, the fact that the derivative of the gate-source 
voltage approaches the value of 0 for the first time after the start of the circuit-closing 
operation when the commutation sets in, is utilized for detecting the start of commutation. 

Alternatively, the start of commutation may be determined in that the drain-source voltage 
20 falls below a threshold potential, the threshold potential being between a maximum operating 
potential and the first setpoint voltage. 

According to a further alternative, the start of commutation may be determined in that the 
control current falls below a threshold value for the first time after the start of the circuit- 
closing operation, the threshold value being between 0 V and a setpoint value for the control 
25 current. 

According to further specific embodiment, the semiconductor switch may also take the form 
of an IGBT component. 

According to a further aspect of the present invention, a method for controlling an electronic 
circuit is provided. The electronic circuit has a current path through a charge-controlled 
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semiconductor switch and a line; when the semiconductor switch is switched, the inductance 
of the line and/or of the electrical components connected in the current path leads to an 
excess voltage between a first and a second current-carrying terminal of the semiconductor 
switch. A charge-controlled gate of the semiconductor switch is charged or discharged by a 
5 control current, the control current being controlled in such a manner that, in the case of a 
switching operation, the terminal voltage of the semiconductor switch does not exceed a 
predefined setpoint terminal voltage. 

Brief Description Of The Drawings 

Figure 1 shows a control circuit in an electronic circuit according to the related art. 

10 Figure 2 shows a substitute circuit diagram of a simplified control circuit according to the 
related art. 

Figure 3 shows a block diagram of a first specific embodiment of a control circuit according 
to the present invention. 

Figure 4 shows a diagram for representing the characteristic of the setpoint terminal voltage 
15 during a circuit-breaking operation. 

Figure 5 shows a representation of the curve of the setpoint terminal voltage during a circuit- 
closing operation. 

Figure 6 shows a block diagram for generating a switching signal for determining the period 
of time for switching over between the first setpoint value and the second setpoint value in 
20 the case of a circuit-closing operation. 

Detailed Description 

Represented in Figure 1 is an electronic actuator, which has a voltage-controlled 
semiconductor switch, in particular a MOSFET or an IGBT, and is used as a basic control 
circuit for different electronic circuits, such as a d.c. chopper controller, pulse-controlled 
25 inverter, etc. A current path, which is to be switched via a semiconductor switch 1 and has an 
inductive load L A , is shown in Figure 1. A free-wheeling diode D A is connected in parallel 
with inductive load L A . In addition, the arrangement has an intermediate circuit capacitor Czk- 
The current-path leads between the components have parasitic line inductances L K i, Lk2> Lkj, 
L K 4- A MOSFET may be used, for example, as a semiconductor switch. In the represented 
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exemplary embodiment, the MOSFET is a self-blocking N-channel MOSFET 1 . It is also 
possible to provide an IGBT or other semiconductor components as a semiconductor switch, 
in order to carry out the switching operation of the electronic actuator. 

The present invention is described below on the basis of an electronic actuator having N- 
5 channel MOSFET transistor 1 . 

In order to carry out the switching operation with the aid of MOSFET 1, the MOSFET must 
be brought from the conductive state into the blocking state, and from the blocking state into 
the conductive state. To this end, its gate-source capacitor must be discharged or charged. 
Therefore, for a transition that is as rapid as possible, i.e. in the usual range of a few 100 ns, a 
10 comparatively large recharging current of, normally, 0.5 to 4 A is necessary. According to the 
related art, this recharging current is provided by special driver circuits. 

Figure 2 shows a simplified, substitute circuit diagram of such a driver circuit according to 
the related art, which has an ideal voltage source U an st and series gate resistors R v ,i, Rv,2- The 
MOSFET is switched on an off with the aid of a switching command V x . The magnitude of 

1 5 the control current in the gate terminal may be changed, and therefore, the switching rate of 
the power semiconductor may be controlled, via the selection of series gate resistors Rv.i and 
Rv,2- In addition, a diode circuit having a diode D v that is connected in series to second series 
gate resistor R v ,2 can ensure that the series gate resistor active during charging has a greater 
value than the one during the discharging of the gate-source capacitor. Due to the larger gate 

20 current, the circuit-breaking operation therefore proceeds more rapidly than the circuit- 
closing operation. The rate of the circuit-closing and circuit-breaking operations of the 
MOSFET may be set by suitably sizing voltage source U ans t and series gate resistors Rvi, 
R v ,2. Thus, a lower rate of change of the drain current dio/dt through the MOSFET may be 
obtained, for example, by charging or discharging the gate-source capacitor more slowly, in 

25 order to thus reduce unwanted effects, such as a harmfully high, excess voltage between the 
drain terminal and source terminal due to parasitic inductances, disruptive emissions, and 
reverse diode currents. 

On the other hand, the MOSFET is in an active operating state longer when the circuit- 
breaking and circuit-closing operations are slowed down, in which case a high switching 
30 power loss is generated in the MOSFET. 
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Figure 3 shows a block diagram of a control circuit according to the present invention. This 
circuit includes a setpoint value generator 10, which generates a desired setpoint terminal 
voltage for drain-source voltage Uds of MOSFET 1 1 from logical switching signal V x , which 
specifies a switched-on state or switched-on state for the current path to be switched. In 
5 addition, a control unit 12 is provided which includes a proportional controller. Setpoint 
terminal voltage Uos,setpoint generated by setpoint-value generator 10 and current, actual 
terminal voltage Uos,actuau that is, drain- source voltage Uds, are supplied to control unit 12. 
The difference between these two variables represents the input variable for control device 
12. 

10 Control device 12 is connected to an output and a controllable current source 13, which is 

connected to the gate terminal of the MOSFET. The controlled current source sets a charging 
or discharging current for the gate-source capacitor of MOSFET 1 1 as a function of the 
triggering by control device 12. In the case of a proportional controller, the dependence 
between the input variable and the output variable is normally determined by a proportional 

1 5 relationship, e.g. by factor -K. 

The gate current generated by controlled current source 13 then indirectly determines rate of 
change dio/dt of the drain current. If actual terminal voltage UDS,actuai exceeds predefined 
setpoint terminal voltage Uos,setpoint, control device 12 causes the gate current and, therefore, 
rate of change dio/dt of the drain current as well, to be reduced. However, this only occurs 

20 during the times of the switching operations, in which drain-source voltage Uds would 

increase without action of the controlling means via the predefined setpoint terminal voltage. 
During the remaining periods of time of the switching operations, control device 12 is 
switched such that it does not implement any unnecessary reduction in the gate current and, 
therefore, in rate of change dio/dt of the drain current. Consequently, the use of the control 

25 means only increases the switching losses to an extent necessary for reducing excess voltages 
or influencing the switching performance. 

Such control allows a compromise to be obtained between, on one hand, the switching losses 
and, on the other hand, the excess voltages and disruptive emissions generated during the 
switching operations. Selection of setpoint terminal voltage Uos,setpoint particularly allows rate 
30 of change dio/dt to be selected to be so high, that the predefined limits for the excess voltages 
and disruptive emissions may be maintained. 
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During the switching operations in the electronic circuit, the control circuit of the present 
invention allows drain-source voltage Uds of the MOSFET to be limited and the 
commutation voltage to be directly specified. Consequently, the dielectric strength of the 
deployed power MOSFET's may be utilized in an optimum manner, and the oscillations 
occurring during operation in the case of a non-controlled drive circuit, as well as the 
associated disruptive emissions, may be reduced considerably. This results from the fact that 
limiting the excess voltage causes the induced oscillation to have a smaller starting amplitude 
and, therefore, to decay more rapidly. This leads to reduced disruptive electromagnetic 
emissions, which means that filtering and shielding measures may be implemented in a less 
complicated and, therefore, more cost-effective manner. 

In addition, when power MOSFET's are used, closing resistance Rds,oii increases 
superproportionally to the maximum blocking voltage and is inversely proportional to the 
chip area of the MOSFET. Limiting the excess voltage allows MOSFET's having a lower 
breakdown voltage to be used. These have a lower closing resistance Rds,oti with the same 
chip area, which means that the efficiency of the power electronics may be increased. If, on 
the other hand, MOSFET's having a smaller size are used, which nevertheless have the same 
closing resistance as a larger MOSFET, costs and volume are reduced. 

Rate of change dio/dt of the drain current during a switching operation is derived with 
intermediate-circuit voltage Uzk from the following equation: 

dig = Uzk-Ups 
dt Y* L kv 

V 

Since magnitude L K v of all parasitic inductances present in the current path is not exactly 
known, rate of change of drain current dio/dt may not be directly specified by the controlling 
means of the control circuit according to the present invention, since the controlling means 
adjusts the actual terminal voltage to a predefined setpoint terminal voltage. 

Different values of setpoint terminal voltage UDs,setpoint must be specified as a function of the 
switching operation. A negative rate of change dio/dt of the drain current is produced in a 
circuit-breaking operation, the drain current being reduced down to 0 A. In order to be able to 
set this negative rate of change of the current, voltage difference Uzk -Uds must also be 
negative. Therefore, during a breaking operation, setpoint terminal voltage UDs,setpoint must be 
specified for the drain/source voltage, which is greater than intermediate-circuit voltage Uzk- 
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The greater the setpoint terminal voltage UDs,setpoint 5 the greater the voltage drop at the 
parasitic inductors during the switching operation and, therefore, the greater the rate of 
change dio/dt of the drain current. 

The resulting curve of predefined setpoint terminal voltage Uos,setpoint is plotted in Figure 4. It 
5 can be seen that a constant setpoint terminal voltage of less than 0 is specified in the closed- 
circuit state of MOSFET 11. This ensures that the gate-source capacitor is charged to the 
maximum possible voltage and MOSFET 1 1 is completely switched on. The maximum 
possible voltage results from the design of the controlled current source and, as a rule, is 
approximately equivalent to the positive supply voltage of controlled current source 13. 

10 If the MOSFET is switched off in accordance with a switching signal V x provided at an input 
of setpoint- value generator 10, a value specified in accordance with the power-handling 
capacity of MOSFET 1 1 is selected as a value for the setpoint terminal voltage. Setpoint 
terminal voltage UDs,setpoint should be selected to be less than the breakdown voltage of 
MOSFET 1 1, in order to prevent MOSFET 1 1 from being destroyed by a voltage breakover. 

15 Control device 12 then specifies gate current i G so that terminal voltage U D s at MOSFET 1 1 
reaches the setpoint terminal voltage but essentially does not exceed it. The voltage falling at 
aggregate commutation inductance L K during the circuit-breaking operation is therefore set 
by the control device to setpoint terminal voltage Uzk — Uos^nax. Rate of change dio/dt of the 
drain current results from this in accordance with the above-mentioned equation. 

20 As soon as the diode current through freewheeling diode D A has reached its final value I A and 
drain current i D has reached a value of 0, and the commutation has therefore ended, there is 
no longer any significant voltage drop at inductors Lki through L K 4, L A . In the open-circuit 
state, the terminal voltage across MOSFET 1 1 then corresponds to intermediate-circuit 
voltage Uzk- However, control device 12 continues to attempt to keep terminal voltage Uds at 

25 the specified setpoint value of Uos,max and therefore sets a negative gate current io, which 
means that the gate-source capacitor is further discharged. Therefore, by maintaining the 
application of setpoint terminal voltage UDS,setpoint after the end of the commutation, the 
control device discharges the gate-source capacitor down to the minimum voltage 
predetermined by the negative supply voltage of controlled current source 13. Thus, it is 

30 ensured that MOSFET 1 1 does not become unintentionally conductive due to interference- 
induced voltages in the control circuit. 
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In accordance with the procedure in the circuit-breaking operation, the commutation voltage 
at the parasitic inductors is also specified in the circuit-closing operation, by selecting a 
suitable setpoint value for setpoint terminal voltage Uos,setpoint- Figure 5 shows the curve of 
setpoint value Uos,setpoim in a circuit-closing operation according to a preferred specific 
5 embodiment of the present invention. 

During the circuit-closing operation, a positive rate of change dio/dt of the drain current is 
produced, which increases from 0 to I A . In order to be able to build up the drain current, the 
voltage difference between intermediate-circuit voltage Uzk and terminal voltage Uds of 
MOSFET 1 1 must be positive. Therefore, a setpoint value U D s,comm less than intermediate- 

10 circuit voltage Uzk is required during a circuit-closing operation. Thus, a first setpoint value 
UDS,comm, the commutation voltage, at which MOSFET 1 1 operates in an active operating 
range, is initially specified for switching on MOSFET 1 1 . As soon as control device 12 has 
set terminal voltage U D s to this value, the voltage difference between intermediate-circuit 
voltage Uzk and commutation voltage Uos.comm decreases at the parasitic inductors, through 

15 which rate of change dio/dt of the drain current is determined. 

After completion of the commutation operation, MOSFET 1 1 must be completely switched 
on as rapidly as possible, by specifying setpoint terminal voltage Uos.min to be less than or 
equal to 0. This is necessary, since during the commutation operation, the MOSFET operates 
in the active operating range, in which very high forward power losses are produced in the 

20 MOSFET that can already lead to its destruction after a short time. Therefore, after 

completion of the commutation operation, control device 12 adjusts setpoint terminal voltage 
UDs,setpoint to minimum value of terminal voltage Uos.min- It is true that the control unit is not 
able to set negative setpoint terminal voltages Uos,setpomt 5 but this consequently ensures that 
the gate-source capacitor is charged to the maximum possible voltage, which corresponds to 

25 the positive supply voltage of controlled current source 13, and MOSFET 1 1 is therefore 
completely switched on. 

If the setpoint terminal voltage were to be set directly to minimum terminal voltage U D s,min at 
the beginning of the circuit-closing operation, and the period of time in which MOSFET 1 1 is 
operated in the active operating range were to be left out, control device 12 would attempt to 
30 completely switch on MOSFET 1 1 as rapidly as possible. This would result in commutation 
voltage Uzk-Uos at the inductors, and therefore rate of change dio/dt of the drain current as 
well, becoming very large, which means that the switching operation would be nearly 
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equivalent to the one in the case of the control according to the related art. In this case, a 
reduction in the disruptive emissions would not be attainable. 



In order to carry out the circuit-closing operation in two stages, control device 12 is 
connected to setpoint- value generator 10, so that control device 12 is able to specify the time 
5 of the change from the selection of the first setpoint value to the selection of the second 
setpoint value. The falling edge of switching command V x of the superimposed control 
activates the adjustment of setpoint terminal voltage Uos.setpoint to commutation voltage 
Uos^comm. Switching command V x indicates that the current path should be switched on or 
switched off. The time, at which the setpoint terminal voltage is adjusted to minimum 
10 terminal voltage Uos,min ? is specified by a further switching signal V x * that is generated in 
setpoint-value generator 1 0. 

Further switching signal V x f may first of all be generated from switching signal V x in a time- 
delayed manner, in that the period of time is selected to be so large, that the circuit-closing 
operation is definitely completed after it has elapsed. This is necessary, in order to reliably 
15 prevent the controlling means of terminal voltage Uds from still attempting to completely 

switch on MOSFET 1 1 during the commutation operation. As an alternative, switching signal 
V x ' may be derived from signals that are already available in the control circuit. Terminal 
voltage Uds, gate-source voltage Ugs, or gate-current setpoint value iGsetpoint are suitable for 
this. 

20 Further switching signal V x ' may be generated from switching signal V x in a time-delayed 
manner, using, for example, a RC element and a subsequent Schmitt trigger or the like. The 
disadvantage of this is that the delay time must be at least as large as the longest occurring 
commutation period. In switching operations having shorter commutation times, 
unnecessarily high circuit-closing losses then occur, since the MOSFET is kept in the active 

25 state longer than necessary. In the ideal case, switching signal V x ' would have to precisely 

signal the end of the commutation operation. However, the end of the commutation operation 
cannot be ascertained from the signal patterns in the current path or in the control loop. 

Only the beginning of the commutation may be ascertained sufficiently accurately from the 
available signal patterns. Therefore, after the start of the commutation, the maximum time 
30 required for commutation must also elapse in the case of the second variant, in order to 
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ensure that the MOSFET is only completely switched on when the commutation is definitely 
ended. 

Although only the beginning of the commutation may be detected, and although because of 
the delay time fixed there the circuit-closing losses are increased beyond the end of the 
5 commutation due to the operation of MOSFET 1 1 in the active operating range, the 
determination of the start of commutation allows, however, the time of the switching 
operation of the setpoint terminal voltage of commutation voltage UDs,comm to more 
effectively approximate the end of the commutation for minimum voltage UDs,min for each 
operating range. Variable parameters, such as the charging time, which is needed for charging 

10 up the discharged gate-source capacitor up to the threshold voltage of MOSFET 1 1 and is a 
function of both the chip temperature and the gate-source capacitor, do not have to be 
considered when establishing the period of time up to applying the second setpoint value. 
These functional relationships must be considered in the time-delayed generation of 
switching signal V x ' during the determination of the delay time with their respective 

15 maximum values, in order that it may be ensured that MOSFET 1 1 is only completely 

switched on when the commutation is ended. If, however, the start of the commutation is 
used as a basis for generating further switching signal V x \ then the charging time of the gate- 
source capacitor does not have to be considered. Therefore, the delay time set in this manner 
corresponds to the actual commutation time considerably more precisely, which means that 

20 unnecessarily high circuit-closing losses are prevented. 

Shown in Figure 6 is a block diagram of the circuit for generating further switching signal 
V x * from one of the electrical variables present in the current path or the control circuit. It is 
possible to generate switching signal Vx' from gate-source voltage Ugs, drain-source voltage 
Uds> or gate-current setpoint value icsetpoint- The electrical variable used for determining the 

25 start of commutation is first processed in a signal-processing unit 20, i.e. amplified, 

differentiated, filtered, or the like, and subsequently supplied to a comparator 21, whose 
switching threshold is set in such a manner, that it switches over as soon as the start of 
commutation is detectable in the input signal. This switching threshold is a function of the 
utilized electrical variable. Subsequent flip-flop 22 is set with the rising edge of the output 

30 signal of comparator 21, the rising edge indicating the beginning of commutation. Depending 
on the utilized electrical variable, an output comparator 21 assumes the high level for only a 
short time, which means that storage of the occurring result with the aid of flip-flop 22 is 
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necessary. The output signal of flip-flop 22, which is delayed a period of time by time-delay 
element 23, is, in principle, already the desired switching signal V x \ Since switching signal 
V x changes over to a low state when a circuit-breaking command is applied, switching signal 
V x ' must assume the low state as well. To this end, the resetting input of flip-flop 22 is 
5 connected to switching signal V x . Consequently, flip-flop 22 is reset as soon as switching 
signal V x changes over to a low state. 

Due to a possible malfunction of the circuit for detecting the start of commutation, it is 
conceivable that switching signal V x ' was not generated or not generated in time, and that 
MOSFET 1 1 is therefore not completely switched on. It would then continue to be operated 

10 in the active operating range, and the forward power losses then occurring would 

subsequently lead to its destruction. For this reason, the circuit is initially provided with a 
pure timing control system, which is formed by further delay element 24. The output signals 
at the outputs of the two delay elements 23, 24 are combined by an OR gate 25. As soon as 
the lower signal path, which goes through delay element 23 and is for the detection of the 

15 start of commutation, breaks down, the additional timing control unit ensures that MOSFET 
1 1 is completely switched on after the period of time has elapsed. 

It is possible to use the curve of gate-source voltage Ugs for detecting the start of 
commutation. In this context, use is made of the fact that the derivative of the gate-source 
voltage approaches the value of zero for the first time after the occurrence of switching 
20 command Vx, when commutation sets in. The derivative of the gate-source voltage may be 
calculated by a differentiator, it being useful to connect a low-pass filter to the differentiator 
in outgoing circuit, in order to filter out high-frequency noise signals. 

After the occurrence of switching command V x , setpoint-value generator 10 adjusts setpoint 
terminal voltage UDs,setpoint to commutation voltage UDs,comm, in order to initiate a fall in 

25 drain-source voltage Uds- As soon as drain-source voltage Uds has fallen below intermediate- 
circuit voltage Uzk> a positive voltage decreases at the parasitic inductors and the 
commutation operation begins. The start of commutation may now be determined on the 
basis of the curve of the drain-source voltage. For this reason, a comparator is provided 
which detects when drain-source voltage Uds falls below a threshold voltage for the first time 

30 after the occurrence of switching command V x , the threshold voltage having to be between 
setpoint terminal voltage UDs,setpoim adjusted to commutation voltage UDs,comm ? and 
intermediate-circuit voltage Uzk- 
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It can also be provided that the start of commutation be determined on the basis of the curve 
of gate-current setpoint value icsetpoint- In this context, one makes use of the fact that after the 
occurrence of the circuit-closing command, drain-source voltage Uds decreases to setpoint 
terminal voltage U D s,setpoint adjusted with the aid of commutation voltage U D s,comm. hi the 
5 meantime, the magnitude of the system deviation decreases from Uos.comm - Uzk to 0 V, when 
Uds has reached the adjusted setpoint value, which means that the proportional controller 
continuously reduces the gate-current setpoint value down to 0. With the aid of comparator 
21, the time at which the gate-current setpoint value falls below a threshold voltage for the 
first time after the occurrence of switching command V x is now detected, the threshold value 
10 having to be greater than 0 and less than gate-current setpoint value icsetpoint, which is output 
by control device 12 immediately after the occurrence of switching command V x . 
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